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i num~bor of i~elno~co'sArtos
e46-1 tl e effeclt- of srr;.ple w.eight on 50/ 1.-'otnt.

Foreword: Thi.s rePort is tntsnde6 to collect -''n one urrb2X
source the results of our mpact-test research
for a twro year period, Thle datea ann- fnctual state-
ments are believed to he nacurnte, rind the opinlions
are the well-considered3 ones of the authors. The
Nlaval Ordnance TtaborA tory ts not corimitted to pri-
dorse either.'

Refs: (a) 0SF1D Report No,. 5744: Physical Testing of Rx-
plosives, Patrt 11.

(b) Division 8, ND71C.9 Interim P-elorts PT-219 p.241
ff; PT-309 P .15, ff;ý&nd PT3-2. p.?] IT.L

(c) A.I.P. Report No. 1O1.1.R; F'tati.stical Analysis
for a flew Procedure im Sensitivity Iftperiments.

(d) Division a, ý'RC Interin Report PT-25, p. 2 29
ff.

(e) Division 8, WDRIC, Interin Pteport PT..26, p.14,
ff.

MI' Statistical 1.1ethods f~r Research W-orkers,
R. A. Fisher', Tenthblition, Oliver and Boyd..
(1946).

(g) ffvOrd Report 85.it6, p .81j,f
* (h) Lffects of Honm-normalLty upon F;taircase I.Tethods

of Sensitivity Terting, by D. 1'. Votaw, Jr.
Statistical 1Researclilroiip, Pr.inceton, New

* Jersey.
(i) IfavOrd Report 65-46;"'~Staircase~ "ethods of

Sensitivity Testing",
Cj) "The Ure of R-Tectrical Cables -Ith Piezoelectric

Gages", R. 11. Cole, IIRC fleport A-!06, OSR-D 4561.
(kt) "Electrical Instruirents for Stuidy of Underw~ater

Explosions and other ?r sns ient Phenomena" j
R,.H. Cole, D. Stacey, MS Froirn, TTDRC Report
A.-360; MIfD 6238.

Encls: (A) Appendix 1. "The Blemtronic No(ise Indicator
for the Impact !Mach-ine" , by E2 . J. Jacobs.

(B) Tables I -III.
(C) Plates I end A-I.(IMO Sk B-67695)

I, In~troduction

The results ol four yuntrsl stii~y aRid devolopinent of
laboratory Drop "-eight LstTest 1hchines aý e contained In
the report of -,(f orence (6), ThIcs r'cpxrt extends the wvork of

* that reforee, -,,ýnd has tee~i *'.'rt~;ten ipcn tbe nsrnutrntion thrat
ref erence Ca) will 1he avail able or fanilixi.r to thu 1i terested
reader. Cuie of the 337-cim. drop rti,Rics fro., t he " *{Ial has

* ~been Acquired by the l~xplosi~ves D)1v!~lorý of' th;e flor'carch De-~
partmnent at the N1011 ail, equipporlIth the TR? Tpo I? tools,
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h;• been subjeceýed tu a performarice rti1dy dur: 31g the p!ast
t ir years. Alnost from the outset in its uwre at the !0L
Vthis -machinee is been employed xith an eloctrcnic "noise-
meter", to he described in "tnhis rremorandurw. (See also ref-
erer.ce (a) p.22, f:.)°- '-`With such a device presumably el .Im,
inetiag those cntwes of Fystematic error a.!:ociated •,itr the
observer's Judgment of the result of a single drop-test,
horrogeneity or stability tests of the sort described for TRiX
in reference (b) have been carried out on a variety of explo-
sives. Such tests have, hovever, been broadened in scope by
study of extended series of two-member group-tests, so that
not only the stability of 50% explosion heights, but also of
their ratios, cnn be inspected. These extended series of 50-
shot tests have, noreover, been so connected that they supply,
at the same time, 1000-shot tests of six explosives0  With
such large numbers it becomes possible to consider vith more
meaning the distribution functions generatee in these tests,
and to make distinctions among the population standard-
deviations. These possibilities now also permit a more ra-
tional discussion of the choice of "percent-points" to be
determined in general sensitivity testing. During the period
of study covered by this memorandum, there have, of course
been carried out a large nunmber of purely routine sensitivity

* comparisons of vArious explosive samples; these have been in
general, of purely local or special interest, and will not be
considered here,

IIo Apnaratus jnd Procedure

The NOL machine, received from ML, is briefly de-
scribed in reference (a) and is drawn in detail in the follow-
Ing NOL Sketches:

MrCL/SK A-63875 to A-63922

SOi/vOY/ N-98A74 to B-98903

NOT/1S C-96249 to C-.,626!

uTcI/SJ7 D-97375' to D-97379
Assomrblyi-TOL/SK Di-097378

The above drawings shov'• the machine equippec2 r'ith a gas-
collection chamber, which h, r not been used in the studies

* reported in this, reemorandum. The tools ure, are rhonn in
NOL/A'.s1 80774, ý9077by '546PI ý)!5470 R7 4-3 4 ,8RO 5 6 , 10003,
S 89004, 02767. 042, and 97C?', v~hdle details of the concrete

Wbeading are FhcvN in !CI,/SKu.-5O26. ,lthoug'_ th-e rcra:ings
specify a drop-,eight of either 2.5 or 5 kg., the forincr has
been used exclu!1ively in the io.,k reTro.tci `.01reo

0 L• . .', .41..t. . . • . . •' ' .



B, Rasic Test Procedure and Data ,eduction

The basic unit test employed in this work has boon
made by the 50-trial A.X.r. "Up and Down" method using test
heights equally spaced in the logarithm of the height, on a
0.1 log unit interval. The results have been analyzed by the
method of reference (c). The application of this experimental
procedure and method of analysis to the MRL Type 12 rachine
has been described in considerable detail in reference Wd).
Such discussions need not be reproduced here. The nomencla-
ture and uigpnificance of symbols employed in this memorandum
will be uniform with these of references (a) through (d), and
are briefly as follows:

m - the 50% explosion height on the normalized
(logarithmic) scale.

h - the 50% explosion height in centimeters.

r " the estimated standard deviation of the
parent population.

7 the estimated standard error of m.

C-rm - the estimated standard error of O.

C. Sa=nle Prenaration

Those materials which are normally cast loaded are
prepared for tert by casting out In a thin sheet, gently grind-
ing in a mortar, and screening. The test sample is a mixture
of equal r-eights of the 16-30 and 30-5O U. S. Standard Sieve
cuts. -Other materials which cannot be cast, such as RDX, PETW,
Explosive D, etc., are normally teoted aR received.

D, Loadiag

In routine testing, samples are loaded into the
machine for test on a volumetric basis, using small scoops.
For sensitivity comparisons, test veighings are first made
and scoop-sizes chosen so that sampleE of each explosive
weighing 35 * 2 mg. are delivered. For most of the purposes
of the studies reported here the average scoop weight is of
no special importance (except see Section I11 3).

, Evaluation of Individual Tri~ls

For all sensitivity tests reported here, the de-
cision that the result nf a given trial was an "explosion"
or an "inert" has been made by the electronic noise indica-
tor, or "noisemeter", which is described in detail in enclo-
sure (A) of this memorandum.

CO.',IDr-TIAL 4 NOLWi 10,003
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stability of results made with the Type 12 machine were
r'ather qualitative ones (reference (e)0. With an explosive
sc sensitive that there ras no interpretation problem (e.g.
E-"1N. as shown in Figure 1) some work was done with the 171
Tyre 3 machine (reference (b), which showed that even in the
absence of interpretational difficultier a veries of 50%
heights did not, in general, sho.r as srail a vnriance as
would be expected from the Om-values calculhted. "'Tith the
grosser asrects, at any rate, of the irterprertion problem
solved by the electronic noise indicator, it has seemed
proper to extend studies like those of reference (b) to the
Type 12 machine.

2Q Plan of the Experiment

Three pairs of explosives were selected for
tests. A series of twenty group-tests was made with each
pair each group-test consisting of the alternate firing of
the two explosives until a total of 50 shotr had been made
on each sample. One additional condition was observed for
each pair - each test after the first ras a continuation of
the previous test. In this way the twenty 50-shot tests of
each explosive also constituted one 1000-shot test. The
pairs chosen rere RDX-IETN, Composition B - Composition 1,
D-2, and Composition A-3'1&X. The RDX, PETN, and Composition
A-3 rare tested as received, while the other samples vere
cast and screened to standard grist (&ee Section II C).
Roughly two group-tests were made each day.

3. Merimental fesults

The detailed results, calculated by the pro-
cedure of reference (c), are presented in Table II; pairs
comprising a group-test bear the same test numbers, and the,
h4.nal row contains the analysis of the complete datp, treated

as one 1000-shot run. In a few cases the Table states "Too
small to calculate"; this means that the estimates -,ere found
to be too small to calculate by the procedures of reference (c).
'fe shall nor consider the meaning of these results.

4. .To-ogeneitv of rn-Values29

The six serier of m-values were first tested
for homogeneity by the procedure of reforence (c), p. 26,
ignoring the fact that they mere really generated as three
series of paired values. The results, in the nomenclature of
reference (c), are:

CO, ,'IDETTIAL - 6 - 10,003

S.. . . . . . .. , , . m• mI II I I I'i~mI~i!• lilL, .... iii •a ~iiiii lPA



I:TN 31452 19 32,79 40,39

EDX 54,69 19 32.79 40.39

Camp. A.3 82.63 17 30,0? 37.29

Comp. B 69.07 18 31.41 38.85

MIX 54.21 18 31.41 38,85

COMp. B, D6-2 83.27 18 31.41 38,85

The above numbers show that only the PETN series is homogeneous
at the 5% and 1U significance levels, all other series being
inhomogeneous at both signifiennce levels. In the light of the
insensitivity of the FETN m-values to changes in noisemeter
gain, as shown in Figure I one might be tempted to attribute
these results to uncontrolled gain fluctuations in the noise-
meter; actually, however, this does not seem to be a 3urtif1-
able conclusion. If it were correct, one would expect a regu-
lar deterioration in homogeneity 1.ith decreasing sensitivity,
which is not found. "¶oreover the inhomogeneities reported for
RDX in the first two reports of reference (b) were obtained
under circumnstances where the constancy of result evaluation
could not besuspected. We be lieve, therefore, that Although
such homogeneous series may occasionally occur, one must antic-
ipate that with this machine, in its present condition and mode
of operation, the generation of inhomogeneous series will be
the rule - i.e., there are uncontrolled sources of error which
elude estimation in the determination of f m in one 50-shot run.

5, Homogeneity of Differences in vi-Values

Next, the ant:lysis actually proper under the
experimental circumstances vres mrade; i.e., the stability of
the differences of the m-values obtained in the two member
group tests ras studied. Pesults analogous to those of the
previous section are:

Qr (celc) L Qr (5% level)

riDX- I4;TN 19-59 19 32,79

24°74 17 30.02

I, Ml-A-. 19,,07 16 28 o61

CONFIDENTIAL - 7 NOLf 10,003



The above numbers showv that each of these three
series of differences is homogeneous At the 5 level. By
combining these three QrOs (as one combines X2 values
see reference (M), p.4l1 it may further be shown that not
only are these s'eries homogeneous individunlly at the 5
level, but ilso that they are homogeneous at the same level
as a group. It should be reJarked that these pairs of ex-
plosives were chosen to be at least roughly comparable in
sensitivity, but are othervise quite various. TiDX ard F7TN
are both pure crystalline compounds, Composition P Pnd Com-
position B, D-2 differ only in the added desensitizing roax
present in the latter, while Composition A-3 is a waxed P DX,
and HTEX is an aluminum-bearing explosive mixture. !"e may
therefore conclude that when pairs of explosives (and pre-
sumably larger groups) are tested together (for larger groups
a truly randomized arrangement would be preferable), the
estimates of error, provided by the methods of reference (c),
are appropriate for use in significance tests within the group.
That this ir true in general particularly where a group con-
tains members of widely varying sen.itivities, has not been
shown, but in actual fact one is really interested only in
significance tests and estimates of error when comparing ex.
plosives of nearly equal senritivity ro for all practical
purposes the demontrAtion is general.-

C. Normality Studies

The logarithmic normalized height scale was first
adopted at ML after a series of exreriments suggested not
only that it appeared to give more nearly normal distributions
of the probability of explosion than the heights themselves,
but particularly vvhen it appeared that the a Is which were
obtained us4- the lognrithmic scale were esseentially equal
for all expl...sives (see reference d). A much more extensive
series of experiments nade later (reference g) under circum-
stances which permitted testing the data for normality on

both the logarithmic and unmodified height scale assumptions
showed that neither one was best for all samples tested. The

six series ,vhich have been determined i.n these studies may be

analyzed as 1000 shot runs, and tested for normality by the

procedure of reference (c), p. 29, ffa (as corrected in the

errata sheet). The pertinent results, in the notation of

reference (c), are:

C01FIDOTIAL 8 F01O,1 10,003



L X2 2 ((4 Iqyvel) x2 (l, level)

YETN 2 1.985 5,991 Q.210

RDX 2 1.505 5.991 9.210

Co0ip. A-3 2 3..520 5.991 9.210

Comip. B 2 10,250 5.991 9.210

HPX 3 5.570 7.815 11.345

Comp. B, D-2 3 34527 7.815 11.345

These data show that all of the explosives except
Composition D give distributions normal in the logarithm of
the height at the 5, level, but that Composition B deviates
from normality even at the 1% level; this deviation must be
admitted as significant, but does not neem to be correlated
with an especially high Qr in the tabulation of Section III
B 4. Viewed ar a whole, hoiever, these data do seem to con-
form reasonably to normality in the logarithm of the height,
and the use of this Pcale remains of great practical value*
Attention is directed in this connection to the recent re-
port of reference (h), ,hich discussed the effect of departure
from normality upon the estimates of population parameters
provided by these "Staircase" experiments.

D. Eoauulntion Standlard Deviations

In refcrcnces (b) and (d), series of many a' values
determined for various explosives were studied. These were
obtained in 50.trial tests, Pnd were, accordingly, not known
with greet accuracy. Determined with the aid of the logarith-
mic height scnles they appeared in general to constitute a
homogeneous set-of statistics (in the :enre of the homogenelty
test of reference (c), p. 26). The rrecision with which the
1000 shot runp, performed here, determine Cf is great enough so
it is of interest again to consider this matter.

The following pertinent dvta Are reproduced from
Table II:

RDX 0.1123 0,00717
PITN 01343 000910

Comp. D 0,1306 0.00R74
Comp. B, D-2 0.1324 0.00891

H]3X o.18o4 0.61450
Comp, °1-3 0 °0870 0.00519

COTIFIDBINTIAL 9 -:rr"IJ" 10,003
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Comparisons certainly must be valid among the pairs
of (T-values determined in one twro-member group test, 7;hen
so made, the Cr-wvlues for RDX and PWITh and for Composition b
and Composition B, D-2 are not distinguished as different at
the 5% level, while the d -values for HILX and Composition A-3
are readily distinguished as different at the same level. Com-
parisons among ell six values are perhaps less valid but may
well be meaningful for such long runs. The whole set of six
is of corse, not a homogeneous set in the sense of reference
(c), p. 26 but the first four a'-values are; the Composition
A-3 value i. significantly smaller than their averae while
the !.1X value is significantly greater. The practica{ meaning
of these resultF is that wrhereas the first four explosives may
be said to have displayed sensitivities in thi. test w'hich may
be characterized simply by stating their rn-values or 501-1 explo-
sion heights, the latter pair do not; their relative sensitiv-
ities depend up the severity of the blow to which they are sub-
jected (or to the "percent-points" at which they are being com-
pared, to choose the nlternative basis of comparison), This
situation is not really unexpected nor even discouraging; in-
deed were all '-values the same one vould begin to doubt that
they were actually related at all to the characteristics of the
explosive, being simply a measure of the lack of reproducibility
in the blow of the machine. It is not clear from these results,
moreover, that the sensitivity ordering rt any one "percent-
point" is more nearly related to "service sensitivity" than
that obtained at any other, but the meaning of the Ythole sensi-
tivity curves, especially as larger and nore realistic devices
for simulating accidental initiation by impact are developed,
may become clearer in the future, and nay vwell aid in under-
standing the many puzzles of sensitivity•

Using Composition A-3 and TIM4. determinations of
"percent-points" other than 50" points have been made by us,
using the rethods outlined in reference (i). Generally speak-
ing, these methcds w.ere all satisfnctory, and were in adequate
agreement among themselves. '1e nre not, hov'ever, impelled to
choose any of the new ones In preference to the A:iP "Up and
Down" methods

B. .,iscellanecus Studies

11 Causes of inhomogeneity ofm.Vlue s

Peal physical variations in the mechanics of
this impact-test -must cause the Inhomogeneities found in Fec-
tion III 33 4 of this memorandum. '.e have kept records of the
temperatures nnC cf the humidities in the test room, but have
not been able tc find nny significant correlation betvween them
and the rr,-vnlues. Another possible source of some of these
vwriations doer seem to have been detected; this is excessive

CO!TIDi7'TAI, - 10 - NOLY 10,003



wour of the plungers. Ben1,icse of t~le reLativoly groat Sta-
b.-Lity of th-re T;;pfe 12 tools, where no close diriensional to"~
eran-ces needl 1-- held, !e had fallen into careless habits,
uring pluniger's until they developed pronnunced ringS, on th-eir
£Tht faces. in the Composition P, Composition R, D--2 series
(Table !I), for exarmple, plungers were changed in the mid6le

of 0 tet < :u .68, and after tests 3-63 and 3>71;ec
such change w.as followved by n pronounced drop In the 5-ý*'
Point. Three :'O-.vhot tests were then rade Yrith Com~position.
Bt Th-2, as follows: In test 4-1A a rerurface-0,.highly polish-
ed r-~unger vtas uased; in test 4-l1P a similar plunger sllightly
"1roughed up"~ 1rith emery cloth was used; *nd i~n test 4-1C a
used plunger, having a well developed ring and a rough surface,
Mis used. T-he r~esults follow:

4- 1A 1.9P67 99.2 0.0709 000154 0 "01 P5,

4. 1B 1.9950 98.8 0.1858 0-0351 0'.0631

4-1C 2.0508 112 0,,220 0,0244 C,3

There are no 61i-tinctions made by these i'?Sults, 11,t it 4.S
interesting to niote that the highest re-sult was obtained with
the worn plurget'.,

Accordingly, in the next scri~es, (TIPX-Composition
A-..3), plunfger ,,,rer changed re-gularly- 11these clhanges, are in-'
dicaited in *Table, !I. tUnhapp.L"ly, if' the starrod anrd unstarred
data nre tested sprt at:rv4ely for honsogerici.t.y, theyi are found.
st-11.l to be. inhoimc-.Cencoous. Thus, although regula:ý rcrlace;.,cnt
of plungers Ooc,, apTpear to be hlelpfUl, no complate, explan'ation
has been foutnd 2-ýor the vnript~ions discovered,,

2, i~eeindnceO.S ofin JOn n r _ample ::etvht

:ieforerice (a) prLeszents Iraforma tion concerning
the-. dependence of 50,, points on sipeetght for the yp
niachine (p.!3). Anj-,lorcius- studies havc? now been mrzde w-ith the
Typs 12 machine. Fiva explosives, cove-,-In:- the, sonnsitivity
ra-ing~e of the -ma china, viz., PPET,', Tetryl, Composition A-3, 71"XI
ann TNTT mýere t;ested in indi-vidu.a-l. 1;-s-hot r-uns. The drt*a ere
priesented LIn Tahia I.Il*

licor rcapons -ý:hich T-,:e tuO--~cn, the -. T-X data qre
veybadly -hnt~od ±ilte tk-ha -valzi; c~bteined for Co~mpositionl

A-1 z-nd T-T ýtrc:li;~~YB~~.lO~~t ~ ~ a
sui ts,1,1( fo-' a -2 etri ;c';cV1o': i:cY.kCq,=t~i

the form

3cst Av~ailable Copy rx
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was assumed -,here y • m and x l log sample weight. a and
b were determined by a modified ]e'3 spqunres procedure in
which the quantity minimized was

That is, the data were weighted inversely as the squares of
their attendant standard errors. This procedure gives:

m a 0.618) X * 0.1547 (PETN)

m 0,O55$32 X 1- 0 .5213 (TETRYL)

m 0 •5938 X 4-0.7740 (Composition A-3)

mn: 0.4827 X +- 1.1428 (TNT)

Thus the slopes are not greatly different for these four
materials; accordingly sensitivity comparisons do not appear,
with this machine, to be greatly influenced by choice of
sample-weight, provided the same sampl.e weight its used for
all material. under comparison.

3° Factors Contributino Q_

Such values of O'as nre determined, for ex-
ample by treating the data of Trble II as l000-shot runs,
contain in all probability, contributions -iade ! -any fac-
tors. One such contributor is the rare comrl ley C, cqur'es
which lends to inhomogeneity in these data "her. ax~alyzed con-
secutively as 50 shot runs. This contribution could i;e assess-
ed by apTropriate analyris of the data of Trl1ie I!, but since
we do not Under~tand the nature of the ccmprlex of causes, it
i. not especially practical to evaluate their effects in this
way, the rhole practical content of the results being actually
contained in the nethod (Section III B 4) of avoiding these
effects,

Another possible contributor to Cia suggested
by the previous section, na-Mely, the variation in sample
,eights obtaineJ by volumetric lodling. Fifty scoors each of
TN'T and RDX ',:ere reighed. The nverage weights were found to
be 31.4 Wnd 30.6 ing.` tth popul~tion standard deviations of
2.1. and 1.6, respectively. On the 1ýasis of an average standard
devintion of 2o,, of sample vreight 32, and the average of the
coefficients of X in the equationF of the Trevious section, one
would expect a contribution of a!'out 0,015 to 6,(from such caures.
A few 50-sho'; corý:parirons h-ve been rTi4e ýEtwa.een •;.•eghed end
volumetrically looded sampleg, but th,.e rurs 'er to( short to
reveal any (I:fferences.

Another pos•sible contrih u-or to ;,.,' is the lack
of reproduciboil ity in the physicra'l arryIm!nent of tbn explosive

CCT D VT.T., ,- 1? .CT .
.) + ..+ • .•... .. •,.. t. '1 , ,,,V .. w- -:.: ; ;,.- . . .. ... . . . . . . 3[ , ,. _ ; ; - Z



grains bet,"•een the tools. A fevr prelii'nfry experiments on
saTmr-es prepare.O n cast wafers hInve not yet revealed any
real. decrease in ;.MobtUi4 ,oible by this rnothod of securing
phr'ical unifortrity,#

IV. Agknowgpiren~t

}Trs. S. Duck, Ordnanceman 3/c, operated the machine
during the course of these experiments. Tier patience and
attention to .detail contributed nmuch to the progresp of the
work.

E. H. .yater

L. C. Smith
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Enclosure (A)

ArYý,N*DIX 1

The _Electronic Noise _Indator for the Impact 1a!gchina

The noise indicator or "noiseneter", as this device is
usually called, is a device which gives a visual signal to
indicate whether a given noise from the impact test is above
or below a given reference level. The instrument uses a
piezoelectric microphone (Rochelle salt type) essentially as
a peak pressure device. The presFure signal incident on the
microphone produces a charge on the microphone which, -within
the frequency limits of the microphone, is proportional to
the pressure. This charge produces a voltage which is pro-
portional to the charge across the capacitance of the micro-
phone• a padding capacitor used for calibration, and the
associated input circuit capacitance. The voltage is ampli-
fied so that on output of about 40 volts is obtained to cor-
respond to the voltage produced by the microphone at the do-
sired reference level. The amplified voltage is used to
trigger a small thyratron biased to about 40 volts below the
triggering voltage. Triggering the thyratron causes a neon
glow lamp to light, thus indicating thnt the peak sound level
actuating the microphone exceeded the reference level select-
ed. A sound level below the reference level failP to trigger
the thyratron and so fails to light the neon indicator lamp.
The circuit is arranged so that the only variable not under
the control of the operator is the response of the microphoneThis response may be a function of the ambient temperature.ft

Operational control is achieved by introducing the calibrating
signal at the input of the ampli ier. The calibrating signalis introduced as ra Q calibrat__onf2) (Q a quantity of charge)

which then calibrates the instrument for microphone output in-
dependent of capacity in the microphone circuit. Triggering
at the desired level is accomplished by adjusting the amplifier

(1) Rlecently two types of crystal mixes having low temperature
coefficients have beer commercially introduced. One uses
ammontum dihydrogen phosphate, the other a ceramic of
bariim titai-ate. Zither type in this application right
need an additional amplification stage.

(2) ror more detnils of the Q cnlibration, see referenves (j)
and (k)

COTIFIDENTIAL 14 -110O,3 10,003



In this diagram:

Cm a microphone capacitance

C1 x Line and stray circuit capacitance

Cc a calibration capacitance (O Cm q CI)

Be w repisttor acrors which calibration voltage
0E is developed

IRS 6 grid resistor

Ig I voltage input to amplifier

a calibration voltage

Q a charge developed by microphone for a given
acting pressure, p.

The microphone may be considered as a charge generator in
parallel writh a capacitance, C. When a pressure acts on
the microphone the charge developed Is:

Q-•Ap

If p x p(time) then Q (t) is a linear function of p(t) within
the limits of the linear response range of the ricrophone. K
is the piezoelectric constant and A is the gago area, Y is a
function of temperature but in this application the tempera-
ture coefficient seems small enough to be neglected for the
ambient range normnlly encountered*.

The voltage, Eg, developed by the sound pressure p is:

E a K-A R
g,m Cm t. C1 " Cc

(In this equa tion Ec Is zero and tIhe effect of ric arid "ug W,&A
be neglected because Rc is very snall and RG is very large.)

For ctbC".s . 1, nf t ...... , .wu

!•r• far f~'o•: • i6,etl !1 t;;•l~t for t~h• •i 'op~±oc•.. i•c•:ve

it h,;.s Ft .(., n( rit 240G. Vf,, d)3

e iim m



step by svitching a constant current through PC, Then:

.gg a Eocm cM C

or

:•.Ego 21 EC C' Al C
* C. 1 G

on operation a standard capacitance C is plugged into the
'calibrator B0 is selected and the gain is set so the instru-
agent Just triggers when Ee is switched in. This then estab-
.lshes a minimum level for triggering by the microphone given

"- ... li m, Sge

The~n:

Ptrigger

In this equation all circuit variables have been eliminated
except the calibrating voltage and capacity. It is thus

. possible to reirroduce trigger r'ettings independent of varia.-
tion of micrphone cable length or variation of. microphone
capacitance.

* There is some evidence that the change of capacitance of a
Rochelle salt crystal somewhat parallels its change of

iezoeleoctric constant. This would make a Q calibration
aess satisffactory than 9 voltage calibration for this type

of microphone. Actual tests rith the impact machine over
a rather ride range of ambient temperature have indicated
satisfactory agreement of 50• point. hoever. An idea of
the proba1ble magnitude of the'temperature effect on the
Tiochelle salt microphone may be gnained from some date in,
1',,OLITA 5125 on a Brush Hydrophone. This show•ed the follow.ing
response (approximate), at 30 And 150 cycles as a function
of T.

T, R Response, micrgvolts/bar

50 .00
70 130
74 155 (max)
90 12)5.

100 120

CO?;FIDE:DUTi\I, -o 17 -. PoTi., :0 003



Notes on Operation:

1. It should' be noted that the calibrated level for

triggering is proportional to , Ce and not Ju'St Ea. However
after selecting a given value of C0, Ea then naturally is a
mep.ure of the trigger level.

2. The meter marked ;J.V. on the schematic is funda-
mentally an 0-1 milliampere meter, It is used Yrith a 3 post-
tion switch, Sw2. In switch position I it shows Re aoros.s a
10 ohm resistor mnd therefore gives a range of Ee from 0 to
10 millivolts. In switch position 2, Be is across a 100 ohm
resistor and the meter then read a range of Ea from O to 100
millivolts. In switch position 3 the meter i. a 0 to 100 -
voltmeter used to measure the voltage on the cathode of V4
'for adlusting the.thyratron bias*

E. J. Jacobs



Enclosur'e (B3)

DeputndeVI 2t jOj Point On Noise Indicator Gain

2.0 my. 40: mv. 60 my.- 80 mv.

Tetryl 1,425(26.6) 1.,367(23o3) 1,605(40.-3) 1l.607(40.5')

Comp. BI 1.691(4-9.1) 1,703(5045) 1.815(65.3) 1.8,30(67.6).

HX1*855(71.6) 11911(8115) 214023(106) 2q,08.4(124),

TNT 19965(92J3) 2.068(117) 29255(180) 2.319(m08)
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-- TALýLL II- ResuiIts oTf .StsAi 1ty_ Tests

-, !.e/i. &,11iS -) - -

3-16 1.4469 2890 0,1476 0.024 0,0459

3-1? 1,.3683 23.4 0,1525 0.0299 0,0490

3-18 1,4042 25.4 0.0617 0.o137 040158

3-19 1.3506 22.4 0.0993 0.0200 0.0274

3-20 1*4028 25.3 0.0993 0,0200 0.0274
3-21 1.3707 23.5 0.1228 0.0241 0.0361

3-22 1.3506 22.4 0.0862 0.0177 0.0229

3-24 1.3931 24.7 0.0678 0.0145 0..0173

3-39 1.4373. 27.4 0.0682 0.0146 0.0173

-, 3-40 1.3747 23.7 0.0842 0.0173 0,.0222:

-- -. - 3"41 103988 25.0 0.1155 090228 0.0.333

3-42. 1.3306 21.4 0.0505 0.0116 0.0116

3,43 1,3586 2248 011051 0.0210 0,0294

3-44 1. 3787 23.9 0.0842 0.0173 0.0222

3-45" 1.3627 23.0 .0.0.910 0.0168 0.0213

3-46 1.3627 23.0 0.0941 0.0190 00256

3-47 1.3787 23.9 0.1233 0.0239 0.0360

3-48 1.3667 23.3 .0,1217 0,.0239 0.0356

3-49 1,3667 23-3 0.0957 0,01,93 0.0261

3-50 135n06 22.4. 0.1254. 0.0245 0,0370

1000)
shot) 1,377? 23,,9 0,1123 0.00497 0.-00717
run )

COQ'FIiATIAL - 20 -N NOhi, 10 003
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3."16 1.0841 12o1 0,1119 0.0226 0o0325

-3.,1 1.1008 12.6 0.1502 0.0295 0.o481L

3.18 1.1379 139? 0.1905 0,0360 0.06•2

3-,19 1.1133 13o0 0.1712 0.0332 0.0574

3-20 1o15"32. 14.2 0.0617 0,0138. 0.0159
3-21 1.0961 12.5 0.0657 0.0141 0.0167 ,

3.22 1,1018 12o6 0.1124 0.0223 0.03212

3-24 1.1201 13.2 0.0814 0.0169 0,0214

3-39 1.1091 12,9 0.1625 0-0316 0534

3-40 1.1091 12,9 091221 002424 0,0364

3-41 1.0657 11.6 0o1087 0*0216 0.0308

3-42 1.0632 11.,6 0.1376 0.0272 0.0427

3-. 43 1.0496 11.2 0,1513 0.0290 040475

"3-.44 1.0632 11.6 0.1376 0.0272 0,0427

3.45 1.0857 12,2 0.1347 0.0262 0.0407

3-46 1.0897 12.3 0,1072 0.0213 0.0302
3-47 1.0817 12.1 000967 0.01905 0,0265

3-48 1.0715 11.8 0.1533 0.0300 0.0494

3-49 1.0757 11.9 0o1401 0.0276 0.0437

3-50 1,1178 13.1 0.0920 0.0187 0.0248
1•000)-- ...- " - .. . .
shot) 1,0938 12,4 0.1343 0.00583 0.00910
run)
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TABLr 1I (9Con2tI

3 54 1.8,150 65.3 0.0824 0.0170 0*0216

3.55 198430 69,7 0,0733 0.0154 0-.02:8

3.56 1.7950 62.4 0.1084 0o0214 0.030?
-3-7 198050 63.8 0.0577 0o0131 0.0153

3-. 8 1,8467 70.3 0.1251 O.0250 .0.0377

3-59 1,8190 65•9 0,0808 .0.0.16 0.0212

3-60 1.7270 53.3 0o1022 0o0205 .00284

3-61 1.78?0 61.2 0.117? 0.0231 0N0342

362 11.8050 63*8 0.0857 0.0180 0'0232

Sr3-63 1.7925 62.0 0,0966 0.0199 0,0270

."64 1.7430 55.3 0.0864 0.0177 0.0231

: 3-65 1.7590 57.4 0.1276 0.0249 0.0380

3.66 1.7190 52.4 0.1068 0.0213 0o0301

6 3.6? 1"7510 56.4 0.0185 0.0181 .0.0238

3-68 1.8070 64a1 0.1100 0°0218 0,0312

3•69 1,7950 62,4 0,1084 0.0215 0°0308

3-70 1.7590 57.4 0.1663 0.0317 0.0540

3-71 1.7950 62A4 0.1084 0.0215, 0.0307

3-72 1.6950 49.5 0,1472 0,0283 0.0459

373 ..1.7670 5815 0.1O126 0.0223 0°0322

shot) 1,7819 60o4 0,1306 0 U 0.00874
run )

CONFIDENTIAL -22- iOT,,! 10,003
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3-54 2.0467 M1 too Ama.ll to calculate

3-55 2,0430 110 0.0602 .0-0132 0.00153

3-56 2.03), 109 0.0780 0.0163 0.0204

3-57 '2*0950 124 0.0692 0.0148 0.0177

3-58 2W1190 132 0.1068 0.0213 0.0301

3-.59 2.0990 126 0.,1i482 0.0285 0.ý0464

3-60 2.0133 103 0.0845 00177 0.0228

3-61 1.9883 97.3 0,0811 0,0171 0.0217

3-62 2.0510 112 0.1146 0,0226 0,0330

3-63 2,0717 118 0.1486 0,0291 0.0475

3-64 2,0133 103 0.0845 0.0177 0,0228

3-.65 2.0070 102 0.1488 0°0286 O.0o.466

,3-66 2,0030 101 0..1745 0.0331 0,0579

•3-67 2.0550 114 0,1214 0.0238 0.0354

3-68 2.1190 132 0.0938 0.0190 0,0255

3-69 2,0430 110 0.1513 0.0290 0!0475

70 2,0550 114 0,1301 .0.0258 0.0397

3-71 2,0508 112 0.10-57 0.0215 0.0303

3-72 1,9675 92A8 0.0898 0.0187 0.0247

3-73 2,0133 103 0,1251 0.0250 0.03??

shot) 2,0444 110.8 0o1324 C .0058 0.008
run)

COIFIDEITTIAL - 23 - N0L1OT 10,003
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TAIIH 11 (Cpont.)

20 1.7430 55.3 0.0479 0.0111 0.0127

4-3 1.7633 58.0 0.0706 0.0153 0.0184
44* 1.8593 72.3 0.0816 0.0176 0.,0225

4-5 1- 6390 69.0 Too small to calculatte.

4-6* 1o7508 56,3 0,0646 0.0142 0.0165

4-7 1.8050 63.8 0.0857 0.0180 0.0232

4-11* 1,7670 58°5 0.0733 0,0155 0.0189

4-12 1.,7550 56.9 0.0823 0.01•0 0.0218

4-13*L 1.7470 55a8 0.0812 0.0168 0.0214

4"14 10390 54,8 0,0649 0.0140 0.0164

4-15* 1.7670 58.5 o.o864 0.0177 0.0230

4.16 1.7350 54.3 0.1034 0.0211 0.0295

4-17* 1.7217 52.7 0°0529 0.0122 0.0138

4.18 1.7830 60.7 0.0628 0.0137 0.0159

4-19* 1.7750 59.6 Too .qmall to calculate.

4-210 1.8230 66.,5 0.0655 040141 0.0166

4-23 1.7925 62,0 0.0831 0.0175 0.0224

4-24* 1.7592 57.4 0,0646 0.0142 0.0165

4-25 1.7870 ,61.2 0,0787 0.0164 0.0205

4-26 1.7830 60.7 0.0490 0.0112 0.0125

1000)
shot) 197696 58.8 o.0870 0.00398 0.00o119
run )

* new (rosurfneed) plunger.

SCO I'FIDENTIA ,,- P4 - ,, -O, ,10,003



Zia,,,• - M bonto)Si

4ft2* 1,9430 87M7 0 ?1771 0.0336 0.0590

4.3 2.0430 110 0.0995 00200 o0.0275

4-4* 2.0750 119 0o1214 0°0238 0,0354

4-5 24.0110 107 0*1250 0,0244 0.0369

4.6* 1.9425. 87.6 0.1304 0.0259 0.0398

4.7 2.0800 120 0.1161 0e.0234 0r0342

4-11* 1.9870 97.0 0.1048 0.0209 0.0293
4-12 1.9870 97.0 0.1307 0.0254 MO0391

4-13* 1.9008 79,6 Too small to calculate.

4-14 1.9633 91.9 0.0457 0.0466 0.0953

4-15* 24.050 101. 0.17n9 0.0348 0.0615

4-16 1.9425 87.6 0.1304 0.0(259 0.0398

4-17* 1.9390 86.9 0.2070 0.0389 0.0734

4-18 1.9710 93,5 0,1560 0.02.9 0.0496

4-19" 1.9630 91.8 0.1591 0.0304 0.0510

4-21* 1.9133 81.9 0,3124 0,0587 0,1345
4-23 1.9550 90.2 0.2500 0.0464 0.0958

4.24* 1.9670 92,7 o.o866 0.0177 0,0231

4-25 2.0258 106 0.1595 0.0311 0.0522

4-.26 1.9758 94.6 0.1528 0.0299 0.0493

)...3
shot) 1.9811 9547 0.1894 0'.00800 0.01450
run )

* Nevi (resurfacod) plunger
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D2e22ndence -of Y'ig&X Percegn& Eoint Oa SaMPIQ
sample

PETIT 20 mg, 069343 091796 0.0347 o.0614
30 1.0471 0.1719 0.0327 0.0566

40 1.1791 0.0990 0.0199 0,0273

60 192471 0.O680 0.0145 0,0173

80 1.3259 0.1326 O.O263 0.0407

Tetryl 20 mg. 1.2551 0.0855 0.0179 0.0233

30 1.3271 0.1796 0.0340 0.0602

40 1.3791 0.1766 0.0335 0.0588

60 1.5259 0.1192 0.0239 0.0354

80, 1.5843 0.0647 0.0143 0.0168

CoMp. A-3 20 1.5031 0.0571 0.0127 0.0148

30 1.6551 0.0822 0.0170 0.0218

40 1.6926 0.1237 0.0247 0.0372

60 1.8009 0.0574 0.0130 0.0152

80 1.8551 001127 0.0227 0.0330

RM 20 1.7926 0.2843 0•0536 0,1174

30 1.7942 0.4483 0.0850 0.2307
1

40 2.0134 0. 12I1 0.0249 0.0377

60 2,0676 0,2910 0.0548 OI113

80 2.2991 0.0703 0.0150 0.0180

TIT 20 1.8160 0,1559 0.0311 0,0516

30 1,8231 0.1177 0.0221 0.0342

40 1,9311 0.1-250 0.0244 o.'o10.69

60 1.9801 091430 0.028I 0.0451

SO 2,0634 0.0571 0o.01P9 0.012
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